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(54) Mushroom harvesting. 

(57) An automated mushroom harvester has a car- 
riage 19 adapted to be moved over a mus- 
hroom-growing area, a picking head assembly 
being mounted on the carriage. The assembly 
includes a pneumatic ram 10 mounted for rota- 
tion about its own axis, the ram piston rod 14 
being non-rotatable with respect to the ram 
cylinder 12. A suction cap 26 is mounted on the 
lower end of the rod 14, and control means 24 is 
provided for the supply of air to and from the 
ram 10. The control means is operated to drive 
the ram in such a way as to maintain substan- 
tially constant the speed of the suction cap 26 
as it approaches a mushroom to be harvested, 
and to ensure the maximum energy of the 
moving parts of the picking head assembly is 
below 0.25 Joules, during that constant speed 
approach. 
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(S) Mushroom harvesting. 



(§) An automated mushroom harvester has a carnage 19 adapted to be moved over a mushroom-growing 
area, a picking head assembly being mounted on the carnage. The assembly includes a pneumatic ram 
10 mounted for rotation about its own axis, the ram piston rod 14 being non-rotatable with respect to the 
ram cylinder 12. A suction cap 26 is mounted on the lower end of the rod 14, and control means 24 is 
provided for the supply of air to and from the ram 10. The control means is operated to drive the ram in 
such a way as to maintain substantially constant the speed of the suction cap 26 as it approaches a 
mushroom to be harvested, and to ensure the maximum energy of the moving parts of the picking head 
assembly is below 0.25 Joules, during that constant speed approach. 
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This invention relates to a picking head assembly 
suitable for incorporation in an automated mushroom 
harvesting apparatus, as well as to methods of operat- 
ing such a picking head assembly. The invention 
further relates to an automated mushroom harvesting s 
apparatus whenever incorporating a picking head 
assembly of this invention, and to methods of operat- 
ing such automated mushroom harvesting apparatus* 

The growing and harvesting of mushrooms - and 
particularly of the species Agaricus - on a commercial to 
scale is a most labour-intensive industry, in which 
approximately 75% of the work-force is engaged in 
the process of harvesting (picking) the growing matur- 
ing fruit bodies (mushrooms). In many countries, there 
is an increasing demand for commercially-produced is 
mushrooms but, on account of the labour-intensive 
nature of the business, it is difficult for producers to 
keep pace with the demand. Mushroom picking is 
generally low-level poorly-paid work and the labour 
turnover rates tend to be high. If therefore the picking 20 
process could be automated, the industry would obvi- 
ously benefit 

The automated picking of mushrooms is ham- 
pered by the difficulty that mushrooms bruise easily 
and then discolour, or - if the mushrooms are subjec- 25 
ted to slightly greater forces * the mushrooms tend to 
break apart or separate from their stalks. Preliminary 
trials with devices intended to assist the automated 
picking of mushrooms have shown a marked ten- 
dency to bruise or otherwise damage large numbers 30 
of the mushrooms and it has therefore become appa- 
rent that an economically-viable design of automatic 
mushroom harvester requires the provision of a pick- 
ing head assembly able to operate at a high speed but 
which wPI damage only relatively few mushrooms. 35 

Research work directed at minimising the dam- 
age when picking mushrooms automatically has 
shown that relatively low energy levels must be used 
at the moment when contact is established between 
a picking head and a selected mushroom. However, 40 
if the picking head is arranged to approach and con- 
tact a selected mushroom at a very low speed, to mini- 
mise the impact energy, the overall speed of the 
operation of the automated harvester will be very low 
and so only relatively few mushrooms will be picked 45 
within a given time, as compared to a manual picker. 
Moreover, complex control mechanisms must be pro- 
vided to determine the precise position, relative to 
some datum, of the surface of the mushroom to be 
contacted by the picking head, because the height of so 
growing mushrooms is so variable, in order that the 
approach speed of the picking head may suitably be 
reduced to a sufficiently tow value just before contact 
takes place. This further complication reduces the 
reliability and increases the likelihood of damage to 55 
mushrooms, as well as further reducing the operating 
speed of the harvester. 

The present invention stems from research into 



the automated picking of mushrooms with a view to 
minimising damage to the mushrooms to be harves- 
ted, and yet maintaining high picking rates. As a con- 
sequence of that research, it has been established 
that provided the overall energy levels of the moving 
components of a picking head assembly can be main- 
tained at sufficiently low levels, there is no need for 
the speed of approach of the picking head to be 
reduced as the head approaches and contacts a mus- 
hroom, so obviating the requirement for accurately 
knowing the position of the surface of the mushroom 
to be contacted by the picking head, prior to the pick- 
ing head approaching that mushroom. 

Accordingly, one aspect of this invention provides 
a method of operating a picking head assembly of an 
automated mushroom harvesting apparatus including 
a carriage arranged for movement over a mushroom 
growing area, the picking head assembly being 
arranged for mounting on the carnage and having a 
pneumatic ram with a piston rod supporting at its free 
end a suction head, in which method the line of action 
of the ram is aligned with a mushroom to be harves- 
ted, and the ram is then operated to drive the suction 
head towards said mushroom, the rate of movement 
of the head being substantially constant as the suction 
head approaches said mushroom and the total kinetic 
energy of the moving components of the picking head 
approaching said mushroom during that movement 
being maintained at not more than 0.25J. 

It will be appreciated that in the operating method 
of this invention, the suction head of the picking head 
is moved towards a selected mushroom at a substan- 
tially constant rate at least during the final approach 
to a mushroom, until contact takes place. Thus, there 
is no need for the vertical position of the surface of the 
mushroom to be known in advance of the approach of 
the head to that mushroom, for the speed of approach 
of the head does not have to be deliberately reduced 
immediately prior to contact taking place. Then, to 
ensure the likelihood of damage to the mushroom is 
maintained at an acceptably low level, the kinetic 
energy of the moving components should be no gre- 
ater than 0.25 Joules (J), during that final approach. 

In order to maintain picking rates at acceptably 
high levels, it is important that the picking head 
assembly is operated as quickly as possible; thus the 
carriage should be positioned over a mushroom to be 
harvested by rapid movement of that carriage, fol- 
lowed by operation of the ram at as high a rate as 
possible consistent with the kinetic energy level 
defined hereinbefore. In turn, the mass of the moving 
components of the picking head must also be kept as 
low as possible, consistent with strength require- 
ments, to allow for rapid operating speeds for the ram. 
In view of this, the mass of the moving components 
should be less than 0.25kgr-and the approach speed 
of the suction head should be maintained at not more 
than 2m/s. Typically, the approach speed may be in 
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the range of from 1 .5m/s to 2m/s, with the mass of the 
moving components being from 0.14kg to 0.085kg. 

A particularly advantageous operating method for 
the picking head assembly is to supply compressed 
ar to the pneumatic ram at the commencement of the 
operation of the ram, so as to accelerate the suction 
head towards a mushroom to be picked; shortly there- 
after, a restriction is placed on the exhaust from the 
ram to limit the speed of movement whilst allowing the 
suction head to continue movement towards a mus- 
hroom until contact therewith is established. Then, 
and following the attachment of the suction head to 
the mushroom by a suction technique, the direction of 
movement of the ram should be reversed, so as to 
draw the mushroom away from the growing area. 

It is greatiy preferred for the suction head to be 
connected to a sub-atmospheric pressure source 
throughout the movement of the suction head towards 
a mushroom to be harvested and subsequently during 
the movement of the head away from the contact posi- 
tion. In this way, air will be drawn through the suction 
head until the head contacts a mushroom; thereupon, 
the pressure within the suction head will fall and the 
suction head wll attach itself to the contacted mus- 
hroom. Moreover, this drop in pressure within the suc- 
tion head, and so also in the associated pipes 
connecting the suction head to the sub-atmospheric 
pressure source, may be used to detect that contact 
with a mushroom has occurred, and so to control the 
reversal of the ram movement 

Most preferably, the suction head is twisted about 
the axis of the head immediately after contact has 
been established between the suction head and a 
mushroom, whereby such twisting action takes place 
either before or during the commencement of the 
reverse movement of the ram. Such a twisting action 
may serve to break the stalk of a mushroom away 
from the mycelium within the growing medium, 
whereby the mushroom may easily be picked from the 
growing area without breaking the stalk and without 
significantly disturbing the mycelium. Tests have 
shown that such twisting movement of the suction 
head preferably is effected through an angle of from 
30°-90°, in order effectively to assist severance of the 
stalk from the mycelium. 

According to a second aspect of this invention, 
there is provided a picking head assembly for incor- 
poration in an automated mushroom harvesting 
apparatus including a carriage arranged for move- 
ment over a growing area, which picking head assem- 
bly has a pneumatic ram arranged for mounting on the 
carriage so that the line of action of the piston rod of 
the ram is generally towards and away from a selected 
mushroom, a resiliency deformable suction head 
mounted on the free end of the piston rod for contact- 
ing a selected mushroom on operation of the ram and 
then holding by suction that mushroom, and pneuma- 
tic control means for controlling the supply of air to the 



ram, in which assembly the control means is arranged 
to control the speed of approach of the suction head 
to a selected mushroom so as to maintain the kinetic 
energy of the moving components of the picking head 
5 at less than 0.25J at the time of contact between the 
suction head and a selected mushroom. 

So that the kinetic energy of the moving compo- 
nents of the picking head may be maintained at less 
than 0.25J, the mass of those moving components 
10 must be as low as possible, and preferably less than 
0.25kg, but more preferably within the range of 
0.085kg to 0.15kg. The components of the ram should 
therefore be manufactured from low-density materials 
consistent with the strength requirements for the 
15 ram - and so for example from aluminum or alumi- 
nium alloys, or plastics materials. Moreover, in order 
to minimise the air pressure required to expand the 
ram at an acceptable rate, it is preferred for the 
pneumatic ram to have the piston and rod thereof 
20 freely slidabl e within the ram cylinder with a minimum 
of friction therebetween. Advantageously, no seals 
are employed between the piston and ram cylinder, 
the piston being a loose fit within the cylinder so as 
thereby to minimise friction within the ram. 
25 In a case where the suction head is to be twisted 

about the axis of the ram in order to asset severance 
of a mushroom from the mycelium before or during 
commencement of a contraction stroke of the ram, it 
is preferred for the ram to be adapted for rotatable 
30 mounting on the carriage, the piston rod being non- 
rotatably disposed within the ram cylinder, and means 
being provided to effect rotation of the ram about its 
own axis. Conveniently, this may be achieved by pro- 
viding the ram cylinder with a polygonal, and prefer- 
35 ably square, bore, the piston rod having a 
correspondingly-shaped piston mounted within the 
bore whereby rotation of the cylinder will effect corre- 
sponding rotation of the piston rod. 

This invention extends to automated mushroom 
40 harvesting apparatus having a carriage arranged for 
movement over a mushroom growing area, and a 
picking head assembly mounted on the carriage and 
having a pneumatic ram including a piston rod 
whereby the line of action of the ram may be aligned 
45 with a mushroom to be harvested by appropriate 
movement of the carriage, the free end of the piston 
rod having a suction head mounted thereon for con- 
tacting a selected mushroom on operation of the ram 
and then holding by suction that mushroom, and 
so pneumatic control means for controlling the supply of 
air to the ram which control means are operable to 
maintain the kinetic energy of the moving components 
of the ram at less than 0.25J as the suction head 
approaches a mushroom to be harvested. 
55 In order that the invention jpay better be under- 

stood, it wiD now be described in greater detai, though 
only by way of example, and one specific embodiment 
of picking head of this invention will also be described, 
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reference being made as necessary to the accom- 
panying drawings, in which:- 

Figure 1 is a graph plotting critical impact energy 

levels against the mass of a picker head; 

Figure 2 is a graph plotting the mass of the picker s 

head against velocity; 

Figure 3 is a graph plotting the mass of a picker 
head against velocity, corrected for the weight 
effect of the picker head; 

Figure 4 is a diagrammatic sectional view through 10 
a picker head assembly constructed and 
arranged in accooxlance with this invention; and 
Figure 5 is a section through the head of Figure 
4, taken on line V-V marked on that Figure. 
Presuming that a picker head assembly for har- 15 
vesting mushrooms includes a support member car- 
rying a suction head which is moved towards a 
selected mushroom for harvesting, a series of tests 
were conducted in an attempt to determine the 
maximum kinetic energy level for those components 20 
which are moved towards the selected mushroom and 
which are stopped by the impact between the suction 
head and the selected mushroom, consistent with 
minimal damage occurring to the selected mushroom. 
A typical acceptable damage rate for commercially- 25 
grown and harvested mushrooms is 10%, and so the 
critical impact energy level was deemed to be that 
energy level at which 90% of typical commercially- 
grown mushrooms of the species Agaricus remained 
undamaged. For the purpose of these tests, damage 30 
included the stalk being driven into the growing 
medium, as well as more apparent damage such as 
the cap of the mushroom breaking or separating from 
its stalk. 

Figure 1 is a plot of the critical kinetic values as 35 
determined from a series of tests on commercially- 
grown mushrooms, plotted against the mass of the 
picker head with which the impact with the mus- 
hrooms was established. For this test, mushrooms of 
sizes within the range of 35mm to 45mm cap diameter 40 
were chosen. From that graph, it can be deduced that 
the average critical impact energy level was substan- 
tially constant for picker head masses below 0.25kg, 
the corresponding energy value being 0.25J. When 
the picker mass exceeded 0.25kg, it was found to be 45 
sufficiently high to cause some damage to a signific- 
ant number of mushrooms, even with velocity at 
impact being reduced to zero. 

Calculations were then performed to determine 
the maximum velocity for picker heads of various so 
masses, to give rise to the critical kinetic energy value 
of 0.25J, at impact The results are shown in Figure 
2, where velocity is plotted against the picker head 
mass. Also shown on this Figure is a weight-effect 
line, based on the presumption that the damaging 55 
effect of pure weight (which it has been found is suf- 
ficient to cause damage to mushrooms with zero 
impact velocity when the picker head mass reaches 



0.25kg) reduces linearly to zero with reducing weight 
The vertical distance between the weight-effect line 
and the critical constant kinetic energy line represents 
the maximum velocity at impact for a given picker 
head mass to give rise to the critical energy value cor- 
rected for the weight-effect and this corrected 
velocity is plotted in Figure 3 against the mass of the 
picker head. From this, it can be seen that in order to 
ensure not more than 10% of typical commercially- 
grown mushrooms are damaged to any significant 
extent the picker head mass and the impact velocity 
must together fall below the critical line shown in Fig- 
ure 3. 

Figures 4 and 5 show a typical picker head 
assembly arranged and constructed in accordance 
with this invention. This picker head assembly com- 
prises a pneumatic ram 10 having a cylinder 11 fab- 
ricated from a length of thin-wall square section tube 
12, and a pair of end caps 13 having coaxial circular 
bores in which is slidably located a piston rod 14 car- 
rying apiston 15 disposed within the tube 12. The pis- 
ton 15 is of a shape corresponding closely to that of 
the internal shape of the tube 12, but is a clearance 
running fit within that tube 12 so as to minimise friction 
therewith, there being no gas seals employed be- 
tween the piston and the tube. 

Each end cap 13 has a circular boss 16 which is 
joumalled on an associated mounting bracket 17 by 
means of a bush 18, whereby the cylinder is held in a 
fixed axial position between the two brackets 17. The 
brackets 17form part of a carnage of a mushroom har- 
vester, which carriage is shown in part at 1 9 and which 
is movable over a mushroom growing area under the 
control of a suitable two-axis drive mechanism. 

The lower end cap 1 3 has a crank ami 20 project- 
ing radially therefrom, a further pneumatic ram 21 link- 
ing that crank arm to the carriage 19, whereby 
expansion and contraction of the ram 21 causes the 
cylinder 11 to rotate about its own axis. The ram 21 
may be spring-urged to one limiting position whereby 
air under pressure may drive the ram to its other limi- 
ting position against the spring bias. 

Ports 22 and 23 are provided at the two ends re- 
spectively of the cylinder 1 1 , which ports are connec- 
ted to a pneumatic controller 24. The piston rod 14 is 
hollow, and a flexible pipe 25 connects the upper end 
of that piston rod to the controller 24. At the lower end 
of the piston rod 14, there is provided a soft resilient 
suction head 26, which suction head is appropriately 
configured for contacting the upper surface of a grow- 
ing mushroom and then effecting a seal thereagainst 
whereby the connection of the pipe 25 to a low press- 
ure source will cause the mushroom to be securely 
held by the suction head 26. 

The controller 24 is connected both to a sub- 
atmospheric pressure source and to a super-atmos- 
pheric pressure source, and is arranged to perform a 
preset operation cycle on receiving an electrical 
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trigger signal 27. This causes the picker head assem- 
bly to operate through one complete cycle, picking a 
selected mushroom. 

The mass of the moving components comprising 
the piston 15, the piston rod 14 and the suction head 5 
26, as well as part of the pipe 25, are maintained as 
low as possible, consistent with the strength require- 
ments for those components. Typically, the piston rod 
14 and piston 15 are made from an aluminium alloy 
materia!, wfth the suction head 26 being made from a 10 
soft resiient synthetic plastics materia!. The piston 
rod 14 and piston 15 may instead be made of a plas- 
tics material. Moreover, a relatively flexible pipe 25 is 
employed, in order that the pipe may have minimal 
influence on the movement of the piston rod 14. A typi- 1 5 
ca! mass for the moving parts including the piston rod 
14, piston 15 and suction head 26 should be in the 
range of from 0.14kg down to 0.085kg. 

In use, the carriage 19 is moved so that the line 
of action of the piston rod 14 will intersect the 20 
approximate centre of a mushroom to be harvested. 
A trigger signal 27 is then applied to the controller 24, 
which causes the sub-atmospheric pressure source 
to be connected to the pipe 25, and also causes com- 
pressed air to be supplied to port 22, so driving the pis- 25 
ton 15 downwardly. Shortly afterwards, the venting of 
port 23 is restricted, so limiting the speed of move- 
ment of the ram 10. The piston rod 14, and so also the 
suction head 26, move downwardly until the suction 
head 26 contacts the mushroom; the downward 30 
movement of the head 26, piston rod 14 and piston 15 
is thereby arrested by the impact with the mushroom. 
Simultaneously, the pressure in pipe 25 drops, as the 
suction head seals against the mushroom, and this 
drop in pressure is detected by the controller 24. On 35 
detection of the pressure drop, air under pressure is 
applied to port 23, whilst port 22 is vented, so as to 
drive the piston 1 5 upwardly. Simultaneously, the con- 
troller 24 operates ram 21 , so causing the cylinder 1 1 
to be turned about it own axis and, in view of the cor- 40 
responding shapes of the tube 12 and piston 15, the 
suction head 26 also is turned. This breaks the stalk 
of the mushroom away from the mycelium in the grow- 
ing medium, so that the mushroom complete with its 
stale may be lifted from the growing medium on as 
upward movement of the piston rod 14. 

The pressure of the air supplied to port 22, as well 
as the restriction placed on port 23, are selected so 
that the impact energy of the suction head 26 with a 
mushroom is less than 0.25J. Typically, therefore, the 50 
approach speed of the suction head 26 wll be in the 
range of 1.5m/s to 2m/s, with the mass of the moving 
components being as described hereinbefore. 

55 

Claims 

1. A method of operating a picking head assembly 

6 



of an automated mushroom harvesting apparatus 
including a carriage arranged for movement over 
a mushroom growing area, which the picking 
head assembly is mounted on the carriage and 
has a pneumatic ram with a piston rod supporting 
at its free end a suction head, in which method the 
carriage is moved to bring the line of action of the 
ram into alignment with a mushroom to be harves- 
ted, and the ram is then operated to drive the suc- 
tion head towards said mushroom, characterised 
in that the ram is operated in such a way that the 
rate of movement of the head is substantially con- 
stant as the suction head approaches said mus- 
hroom and in that the total kinetic energy of the 
moving components of the picking head 
approaching said mushroom during that move- 
ment is maintained at not more than 0.25J. 

2. A method according to claim 1, characterised in 
that the mass of the moving components is main- 
tained at less than 0.25kg. 

3. A method according to claim 1 or claim 2, charac- 
terised in that the approach speed of the suction 
head towards a mushroom to be harvested is 
maintained at not more than 2m/s, and preferably 
in the range of from 1.5m/s to 2m/s, with the mass 
of the moving components being maintained from 
0.14kg to 0.085kg. 

4. A method according to any of the preceding 
claims, characterised in that air under pressure is 
supplied to the pneumatic ram at the commence- 
ment of the operation of the ram, whereby the 
suction head is accelerated towards a mushroom 
to be picked; and shortly thereafter the venting of 
the exhaust air from the ram is restricted to limit 
the speed of movement of the suction head whilst 
allowing the head to continue movement towards 
a mushroom until contact therewith is 
established. 

5. A method according to any of the preceding 
Claims, characterised in that the suction head is 
connected to a sub-atmospheric pressure source 
throughout the movement of the suction head 
towards a mushroom to be harvested and subse- 
quently during the movement of the head away 
from the contact position. 

6. A method according to Claim 6, characterised in 
that reversal of the ram movement is initiated on 
detection of a drop in pressure within the suction 
head caused by contact of the head with a mus- 
hroom. - 

7. A method according to any of the preceding 
Claims, wherein the suction head is twisted about 
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the axis of the head immediately after contact has 
been established between the suction head and 
a mushroom, which twisting action takes place 
either before or during the commencement of the 
reverse movement of the ram. s 

8. A picking head assembly for incorporation in an 
automated mushroom harvesting apparatus 
including a carriage arranged for movement over 

a growing area, which picking head assembly has 10 
a pneumatic ram arranged for mounting on the 
carnage so that the line of action of the piston rod 
of the ram is generally towards and away from a 
selected mushroom, a resiliently deformable suc- 
tion head mounted on the free end of the piston is 
for contacting a selected mushroom on operation 
of the ram and then holding by suction that mus- 
hroom, and pneumatic control means for control- 
ling the supply of air to the ram, in which assembly 
the control means is arranged to control the 20 
speed of approach of the suction head to a selec- 
ted mushroom so as to maintain the kinetic 
energy of the moving components of the picking 
head at less than 0.25J at the time of contact be- 
tween the suction head and a selected mus- 25 
hroom. 

9. A picking head assembly according to Claim 9, 
wherein the mass of the moving components of 

the ram are maintained at least than 0.25kg, and 30 
preferably within the range of 0.085kg to 0.1 5kg. 

10. A picking head assembly according to claim 8 or 
claim 9, wherein the piston and rod of the 
pneumatic ram are freely slidable within the ram 35 
cylinder, without the provision of seals between 

the piston and ram cylinder. 

11. A picking head assembly according to any of 
Claims 8 to 11, wherein the ram is adapted for 40 
rotatable mounting on the carnage, the piston rod 
being non-rotatably disposed within the ram cyli- 
nder, and means being provided to effect rotation 

of the ram about its own axis. 

45 

12. Automated mushroom harvesting apparatus hav- 
ing a carriage arranged for movement over a 
mushroom growing area, and a picking head 
assembly mounted on the carriage and having a 
pneumatic ram including a piston rod whereby the so 
line of action of the ram may be aligned with a 
mushroom to be harvested by appropriate move- 
ment of the carriage, the free end of the piston rod 
having a suction head mounted thereon for con- 
tacting a selected mushroom on operation of the 55 
ram and then holding by suction that mushroom, 

and pneumatic control means for controlling the 
supply of air to the ram, characterised in that said 



control means are operable to maintain the speed 
of movement of the suction head substantially 
constant as the suction head approaches a mus- 
hroom to be harvested, and in that said control 
means are operable to maintain the kinetic 
energy of the moving components of the ram at 
less than 0.25J as the suction head approaches 
said mushroom to be harvested. 
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